Introduction
Radiant energy distribution within a canopy The analysis of radiation regimes in plant communities depends on an adequate description of the structure of the canopy. Canopy analyses are complex because even in relatively uniform agricultural communities there are infinite variatioils in leaf shape, curvature, and distribution in space and time.
For quantitative descriptions of foliage, Watson's (1947) leaf area index (leaf area, one side only, subtended per unit area of ground) has become a basic parameter. As refinements, vertical distributions of leaf area index, estimated by stratified clip techniques, are now commonly used in canopy analyses.
Although the vertical distribution of leaf area index is an improvement in canopy description, evidence has been accumulating (de Wit 1965; Anderson 1966; Duncan e f 01. 1967 ) that leaf angle is influential in determining the efficiency of energy utilization by plant comm~inities. It is therefore desirable to determine not only the vertical distribution of leaf area and the mean angle of inclination of various layers but also the distribution of leaf area by angle classes within each stratum (Loomis et al. 1968) . ' Present affiliation: University of Nottingharn School of Agriculture, Sutton Bonington, Loughborough, LEI2 5RD, United Kingdom. depends on the position of leaves in space. ~o s ition may be completely determined by the azimuth and the iilclination of a plane throush the leaf or leaf segment. If leaves have no preferred azimuth orientation, their positions are completely characterized by the cumulative frequency distribution of leaf inclination (de Wit 1965) . Such distribution functions can be represented conveniently by plotting the cun~ulative frequency of occurrence of the inclinations against the angle of inclinatioi~, ranging from 0" for a horizontal leaf to 90° for a vertical leaf. Generally, four different types of canopies are recognized (de Wit 1965) . Planophile canopies have mainly horizontal leaves and erectophile canopies have mainly vertical leaves. Plagiophile canopies are characterized by the greatest frequency of leaves occurring at some oblique inclination. Extremophile cailopies have the least frequency of inclination at oblique angles.
The purpose of the study reported here was to examine the structure of two plots of corn, Zea ]nays L., seeded differently. Corn was chosen since it has a relatively simple structure. Equidistant-square spacings of plants (Loomis et al. 1968 ) provided a relatively simple canopy arrangement that eliminated problems of leaf clumping and possible azimuth orientation preferences due to row alignment. Both of these are major sources of non-uniform leaf distribution in agricultural crops. A row plot normally seeded and planted in north-south rows represented a more realistic arrangement found in agronomic practice. This study forms part of a more complete program to study the temporal and spatial variations of radiation interception in corn and the influence of canopy structure on those radiation regimes.
Materials and Methods
The plots seeded with Zea i?zciys L. cv. United 109 were grown in 1972 at the University of Guelph Research Station, Elora, Ontario (43'50' N, 80'25' W) . The row plot was seeded in north-south rows, 0.8 m apart. The square-sown plot was hand-seeded with plants about 0.4 m apart in a square-grid pattern. The density of plants in both plots was about 62 000 per hectare, a common agricultural planting density. The plots were used for a study of the radiation regimes within a corn crop (Kyle 1974) . During the measurement period the crops were at maturity.
Leaf area index was measured in three sample areas each 1 mZ in both plots. All the leaves in a vertical volume above each area were collected in strata of M . 5 , 0.5-1, 1-1.5, 1.5-2, and over 2 m above the ground. Where leaves protruded from one layer into the next, they were cut and those pieces added to the appropriate stratum. The areas of the leaves were measured by means of a n Automatic Area Meter Type AAM-5 (Hayashi-Denko, Tokyo), which had been previously calibrated.
Leaf inclination measurements were made using a leaf inclinometer ( Fig. I ) based on a design by Nichiporovich (1961) . The base of the instrument was set parallel to the leaf or leaf section and the angle between the horizontal and the leaf midrib was measured directly by the pointer on the scale. The leaves in each stratum falling in each angle class at 10' intervals from the horizontal to the vertical were marked and collected. The areas were measured and the percentage of total leaf area in each stratum in each angle class was calculated. Three samples were taken in each plot.
FIG. 1. Leaf inclinometer (modified from Nichiporovich 1961).
The orientation of the leaf blades in eight sectors of 45' each was used to determine the azimuth distribution of the leaves in both plots. The sectors were based on the cardinal points. The direction of the central vein from the stem was measured by a simple azimuthmeter (Fig. 2) . It consists of a pointer, aligned with the central vein of a leaf during a reading, which traverses a circle divided into sectors. Initial orientation of the instrument was achieved by means of a small compass located on the north-south axis of the instrument.
Results and Discussion

Leaf Area Index
The downward cumulative leaf area index for both plots is presented in Fig. 3 . In both cases the samples differed only slightly and the mean vertical distribution of leaf area was used. Since data were available by stratum, another method of presentation is shown in Fig. 4 . The number of lines in each 0.5-m stratum ''box" is proportional to leaf density. The numbers of each "box" indicate the percentage of total leaf area index in each stratum. Most leaf area in both plots occurs in the strata between 0.5 and 2 m above the ground. Also evident is the slightly greater concentration of leaf area in the middle canopy area of the square-sown plot, which results in a higher total leaf area index for this plot, although it was less tall than the row plot.
FIG. 2. Leaf azimuthmeter.
Azinzufh Orieizfaliorz
According to Nichiporovich (1961) and de Wit (1965) the leaves of a canopy have, in general, no preferred azimuth orientation. In this investigation, no preference was noted in the squaresown plot. However, in the row plot, some azimuth preference was measured, presumably due to the constraining effect of the other plants in the row (Fig. 5) . The azimuth orientation distribution in the former plot may be approximated by a circle, whereas in the latter plot a close approximation is an ellipse with a ratio of semimajor-semiminor axes of 14: 11.
To compare the present data with published data it is necessary to recompute in terms of the percentage of leaves in 90" sections facing the cardinal points (Table 1) . Data from Nichiporovich (1961) show an intermediate azimuth distribution to the two extremes found in the present study. He concluded that there was no azimuth preference in his crop. De Wit (1965) also found no azimuth preference. Data from Ross and Nilson (1967) are difficult to compare with present results because their rows were oriented in a NE by SW direction. Their data do, however, show a preference for orientation across the rows.
In the square-sown plot there is no azimuth preference, but a question can be raised concerning the row plot. Certainly, the data indicate a preference for more leaves to be oriented in the east-west plane (across the rows) than in the north-south plane (along the rows). Whether this tendency is enough to warrant the incorporation of an azimuth preference in determining the canopy posture in the row plot will be considered later. However, at this point it is worth noting that results obtained by Ross and Nilson (1967) lead to the general conclusion that to a first approximation, the spatial organization of leaves in a square-sown stand shows no azimuth preference. In drilled stands, the orientation of leaves is elongat~d with respect to azimuth in the direction perpendicular to the rows, this elongation increasing with the density of the stand. The same general conclusion is s~~pported by the data from this study.
Leaf Inclincrtion
Initially, leaf inclinatioil was assessed in terms of three groups with angles of inclination to the horizontal within the limits: class 1,0°-30" (near horizontal leaves); class 11, 30"-60" (oblique leaves); class 111, 60"-90" (near vertical leaves) ( Table 2) . What is most striking is the similarity between sample plants in the two plots, both in terms of percentage of total leaf area in each angle class and in the vertical distribution by strata (Fig. 5 ). This suggests that the plants in both plots have essentially the same architecture despite differences in planting procedures. Table 3 presents the percentage of total leaf area in each angle class for both plots and for data presented by Nichiporovich (1961) . Clearly corn is an erectophile canopy, about 50% of the leaf area having-an angle of inclination greater than 60" to the horizontal. The data in Table 3 correspond closely to what Nichiporovich (1961) has described as a favorable spatial orientation of leaves (Fig. 6 ). This spherical distribution is an erectophile distribution of a special type and inay be described by supposing that the relative frequency of leaf inclinations is the same as the relative frequencies of the inclinations of the surface of a sphere. When A is the inclination of To assess whether the canopies under study comply to this theoretical distribution, leaf distribution functions for 10" intervals were constructed. These are presented in Fig. 7 and Table 4 . The similarity between the theoretical and experimental distribution is remarkable. Regression analyses gave the following correlations between the experimental and theoretical data: row plot, r = 0.955, standard error = 2.36y0, 11 = 30; square-sown plot, r = 0.998, standard error = 1.44yc, 11 = 30. Clearly the experimental data fit very closely to the theoretical curve and are much nearer to a spherical distribution than data presented by Nichiporovich (1961) and de Wit (1965) .
Of considerable interest is the closeness of the row plot distribution to the spherical distribution despite earlier indications that there may be some azimuth preference exhibited by the plants in this plot. It might then be expected that, in this case, the most favorable spatial orientation as understood by Nichiporovich (1961) would be one in which the relative frequencies of the leaves corresponded to the frequency of the surface elements of an ellipsoid of eccentricity 14:ll. However, when the relative surface areas of a sphere and the leaves in both plots have no preferred orientation, it is sufficient to characterize position by inclinations alone. Further, since the leaf distribution f~mctions are very close to the theoretical spherical distribution, they may be considered to have that distribution. The virtue of the spherical distribution lies in the fact that results of radiation interception calculations made for that distribution are independent of the inclination or altitude angle of the sun (Idso 1968) . This greatly facilitates the incorporation of canopy architecture variables into theoretical models of canopy radiation interception.
